Two winter trials were conducted with 304 lactating range cows on dry grass to evaluate non-protein-nitrogen (NPN) in 30% protein supplements containing biuret (pure and feed grade), urea and extruded grain-urea. The NPN sources contributed one-half of the supplemental nitrogen with natural 15 and 30% protein supplements serving as negative and positive controls.
EVALUATION OF BEEF CATTLE RANGE SUPPLEMENTS
CONTAINING UREA AND BIURET 1,2 Ivan Two winter trials were conducted with 304 lactating range cows on dry grass to evaluate non-protein-nitrogen (NPN) in 30% protein supplements containing biuret (pure and feed grade), urea and extruded grain-urea. The NPN sources contributed one-half of the supplemental nitrogen with natural 15 and 30% protein supplements serving as negative and positive controls.
Winter weight loss of cows was greater (P~.02) on the negative than on the positive control in both trials. The apparent utilization of all NPN sources was low and the utilization of urea and extruded grain-urea was less than pure or feed grade biuret. Rumen biuretolytic activity was apparent within 6 days and reached and maintained a high level of activity 20 days after the initiation of feeding biuret, even with intermittent supplementation. Apparent value of NPN supplements was slightly improved with 40% dehydrated alfalfa but not with methionine-hydroxy-analogue (MHA). Palatability of supplements was lowered by urea and especially INTRODUCTION Urea is the most common NPN source used in range supplements. Because urea is rapidly hydrolyzed, much of the ammonia produced in excess of available energy supplied by low quality forage is lost (Bloomfield et al., 1960) and animal performance is often lower than desired.
Utilization of NPN in low quality roughage rations may possibly be increased with biuret or extruded grain-urea (Helmer et al., 1970) to provide slower ammonia release. Laboratory studies indicate rumen microflora must adapt to biuret before developing biuretolytic activity Gilchrist et al., 1968; Johnson and Clemens, 1973) .
Apparent utilization of urea has been improved with dehydrated alfalfa (Karr et al., 1965) . Milk production was improved by MHA fed to dairy cows (Griel et al., 1968) and beef cows (Varner et al., 1973) with rations of all natural protein.
The purpose of this research was to determine (1) the apparent utilization of biuret (pure and feed grade), urea and extruded grain-urea in range cattle supplements, (2) the value of MHA and a high level of dehydrated alfalfa in range cattle supplements containing high levels of biuret and urea, and (3) the rate and extent of biuret adaptation by cattle under range conditions.
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JOURNAL OF ANIMAL SCIENCE, Vol. 42, No. 5, 1976 EXPERIMENTAL PROCEDURE Trial 1. Trial 1 was conducted during the winter on the Lake Carl Blackwell Range in Central Oklahoma on dry native range grass. Predominant forages are of the tallgrass prairie type with climax species consisting of little bluestem (Andropogon scorparius), big bluestem (Andropogon gerardi), Indian grass (Sorghastrum nutans), and switch grass (Panicum virgatum). Dry range grass was abundant; prairie hay was fed only several days when ice or snow covered the grass.
A total of 140 experimental cows included 39 mature Hereford cows, 43 mature Angus cows and 58 first-calf Hereford heifers. Mature cows calved either shortly before or after the trial started while first-calf Hereford heifers calved during early fall before the experiment started. Cows were randomly assigned within breed and age to nine supplement treatments. The wintering trial was initiated December 27 and was terminated March 27, an 88-day period.
Ingredient makeup of supplements is shown in table 1. Supplements 1, 2, 3, 4, 5, 6A, 7A, 8 and 9 were fed in trial 1. Supplements 1 and 2, formulated to contain 15 and 30% CP, contained all natural protein and served as negative and positive controls, respectively. The remaining seven supplements were formulated to contain 30% CP (90% DM basis), with one-half of the CP from NPN sources. All supplements were formulated to contain 1.25% phosphorus, .5% calcium and a nitrogen:sulphur ratio of 14:1. MHA was added (supplements 6A, 7A) to provide 10 and 20 g per head daily before and after calving, respectively. Supplements were processed into .98 mm ( 88 in.) pellets.
Cows, allowed to graze in a common pasture, were gathered to a central feeding area in the morning 6 days each week, placed in .91 • 2.44 m stalls and individually fed their supplement. Twenty minutes were allowed for consumption of supplements; feed refusals were recorded. Supplement offered per cow each feeding was .79 and 1.59 kg for mature cows and 1.06 and 2.12 kg for first-calf heifers, before and after calving, respectively. Severe weather prevented feeding of supplements on 6 of the 88 days. Cows and calves were weighed after being gathered at daybreak and withheld from feed and water for approximately 6 hours. Calves were weighed shortly after birth. Condition loss of cows was estimated by scoring the cows for condition at the initiation and conclu-sion of the trial. Scores of 1 to 9 were used, with 1 being the thinnest and 9 the fattest.
Since the number of mature cows which calved previous to the trial was disproportionate among treatments, initial weight of cows that calved before the trial was adjusted to a pregnant weight basis. The regression equation used to correct initial cow weight was (Ewing et al., 1966 and unpublished data) :
Adjusted initial weight (kg)
Actual initial weight + (calf birth wt • 1.9697) -19.0.
Calves out of mature cows were sired by Charolais bulls while calves out of first-calf heifers were sired by Hereford bulls. Weaning weights were adjusted to a 205-day, steer basis; adjusted 205-day weights of heifers were multiplied by 1.05. Dehydrated alfalfa pellets (alfalfa, aerial pt. dehy grnd, mn .17 protein (1) 1-00-023) were provided for calves in a creep during the latter part of the trial.
Data were analyzed by least squares regression analysis with the F-test used to test for significant treatment differences, and students' t-test for differences between any two treatments.
Trial 2. Trial 2 was conducted at the same location as trial i during the following winter. Cows were managed in the same manner, including the supplementation of cows in individual stalls. A total of 164 experimental cows consisted of 81 Herefords, 44 Angus and 39 Angus x Holstein crossbreds. They calved either shortly before or after the trial started. Initial weights of cows that calved before the experiment started were adjusted to a pregnant basis as in trial 1.
Supplements were formulated as in trial 1 but those containing MHA (6A and 7A) were replaced. In supplement 6B the NPN fraction was a mixture of urea (50%) and biuret (50%) while in supplement 7B urea, present in an extruded grain-urea mixture, contributed onehalf of the crude protein. Amounts of daily supplement offered per cow were 1.05 and 2.12 kg for Hereford and Angus cows and 1.59 and 2.65 kg for crossbred cows, before and after calving, respectively. The weather during trial 2 was more severe and prevented the feeding of supplements 22 days of the 112-day feeding trial. When supplements were not fed, prairie hay was fed daily. In addition, the 30% natural protein supplement was group-fed at the rate of 1.36 kg per head per day when the experimental supplements had not been fed for 3 consecutive days. Cows were weighed after overnight confinen'aent in corrals without feed or water for 12 hours.
Statistical analysis of the data was conducted as in trial 1, except analysis of covariance was used to adjust the initial weight of the Hereford cows to an equal basis (Snedecor and Cochran, 1967) . Since trial • treatment, breed of cow • treatment and age of cow x treatment interactions were not significant (P>.10), t~'eatments 1, 2, 3, 4, 5, 8 and 9 were pooled for trials 1 and 2, and the pooled data were analyzed in the same manner as in each individual trial.
Biuret Adaptation Trials. Nine mature steers, equipped with rumen cannulas, were used to measure the rate and extent of adaptation of rumen microorganisms to biuret under range conditions. The steers were allowed to graze in the same pasture as the cows during the first 74 days of trial 2, and were fed and managed in the same manner as the cows. They were randomly allotted to supplemental treatments 2, 4 and 8 (table 1) and were individually fed 1.59 kg of the supplement per day. Rumen samples from each steer were obtained on days 0, 4, 6, 17, 20, 28, 34, 49 and 74 of the experiment. Biuretolytic activity of the rumen contents was determined by procedures described by Johnson and Clemens (1973) .
These data were analyzed with analysis of variance with the F test utilized to test significant differences. Differences between means were determined by the LSD method (Snedecor and Cochran, 1967) .
Trial 3. A growth trial was conducted in drylot during a 93-day period during the summer to compare the apparent utilization of supplemental nitrogen from natural protein, urea and urea in an extruded grain-urea mixture (supplements 2, 5 and 10, table 1). A total of 27 yearling heifers (nine Hereford and 18 Hereford • Angus-Holstein) was blocked according to breed and weight and randomly assigned to three treatment groups of nine heifers each. Nine heifers (three from each treatment) were maintained in each of three lots. Tallgrass prairie forage was fed ad libitum.
Hay (native plants, mid west, hay, s-c, mid-blm (1) 1-07-956) for the first phase (44 days) had been cut in mid-July and was of moderate quality. Hay (native plants, mid west, hay, s-c, over ripe (1) 1-03-188) for the second phase (44 days) had been cut in early April and resembled late-winter dry range grass. Crude protein content of the two hays was 5.0 and 3.9%, respectively. Supplements were fed in individual stalls twice daily at the rate of 454 g per feeding (908 g/day).
Heifers were weighed after a 14-hr shrink without feed or water. Change in condition was estimated in the same manner as in trials 1 and 2. Hay intake of each treatment group was measured for 5 days at the end of each phase Of the experiment. During this time supplemental feeding continued as before, but each treatment group was maintained in a separate lot which allowed daily measurement of hay intake.
Analysis of variance was used to test for significance and the LSD multiple range test was used to test for significant differences between treatment means (Snedecor and Cochran, 1967) .
RESULTS AND DISCUSSION
Treatments 6 and 7 were different in trials 1 and 2 and will be discussed within each trial; the results and discussion of treatments 1, 2, 3, 4, 5, 8 and 9 will be based on the pooled data of trials 1 and 2.
Trial I, Effects of MHA. The results of trial 1 are shown in table 2. Cows receiving the negative control (15% natural protein)supplement lost more weight (P~,.02) than cows consuming the positive control (30% natural protein) indicating that protein was deficient in the negative control and providing validity for the experimental design for evaluating supplements.
Addition of MHA lowered palatability and consequently intake of supplements. Effects of MHA on palatability were probably more pronounced in this trial than in previous research Lofgreen, 1970; because of the high levels of NPN and the higher percentage of MHA in the concentrate portion. Lack of competition among individually fed cows may have contributed to low intake of supplements containing MHA and/or urea, since lactating cows grazing similar forage were group-fed the urea containing supplement with no intake problems (Rush and Totusek, 1973) .
The effect of MHA in urea or biuret supplements on cow weight loss was small. Weight loss of cows receiving biuret, biuret + MHA, urea and urea + MHA was not different (P>.05); however, the cows consuming the supplement Analysis of covariance (Snedecor and Cochran, 1967 ) was used to correct cow weight loss means to differences in supplement intake. Adjusted weight losses (kilograms or percent) of cows receiving biuret, biuret + MHA and urea were not different (P<~.10), but they were greater (P<~.05) than weight loss of cows receiving urea + MHA.
Treatment did not affect condition change of cows (P~.69) or summer cow gain (P~.SS). Since treatment did not affect daily gain of calves from birth to end of treatment (P~.75) and adjusted weaning weight (P~-.79), milk production of cows was apparently not affected by MHA. This lack of lactation response to MHA is in contrast to results with beef cows (Varner et al., 1973) and dairy cows . These workers combined MHA with natural protein, but MHA significantly increased bacterial nitrogen and cellulose digestion, and lowered ammonia levels with urea in vitro (Gil et al,, 1973) .
Trial 2, Effects of Biuret + Urea and Extruded Grain-Urea. Supplements 6B and 7B in trial 2 contained urea + biuret (equal nitrogen from each) and an extruded grain-urea mixture, respectively. The results of trial 2 are shown in table 3. As in trial 1 cows on the negative control lost more (P~.01) winter weight than those on the positive control 9
A combination of urea + biuret was almost as palatable as biuret alone (4.2% of the supplement refused), but weight loss of cows receiving urea + biuret was not different (P~.05) from that of cows receiving biuret or urea alone.
Weight losses of cows consuming extruded grain-urea and other NPN supplements were not different (P>.05). The large weight loss of cows on extruded grain-urea was conceivably a reflection of low intake of the less palatable supplement. However, correcting weight loss means for supplement intake indicated little difference between urea and extruded grain-urea; utilization of urea was apparently low in both supplements and not improved by extruding with grain.
Treatment effects (urea, biuret, extruded grainTurea) on condition loss of the cows were similar to those observed for cow weight loss. Treatment did not affect daily gain of calves while on treatment (P~.58) or adjusted weaning weight (P~.77). Since a treatment x trial interaction was not detected (P>.10), treatments common to trials 1 and 2 were pooled for analysis. Results of the pooled data are shown in tables 4 and 5. Cows fed the negative control supplement lost more winter weight (P~.001) and more condition than those on the positive control. Weight and condition loss of cows fed NPN supplements were greater (P<.05) than for the cows fed the positive control.
Cows fed biuret lost fewer kilograms weight (P~.05), less percent weight (P~.07) and tess condition (P~.06) than cows fed urea. Cows fed urea refused 10.8% of the supplement and consumed .14 kg less than cows fed biuret. However, analysis of covariance (Snedecor and Cochran, 1967) showed the b and r values were approximately zero, so no adjustment for supplement intake was made.
The advantage for biuret may be due to slower hydrolysis with ammonia release at a rate more comparable to the rate of energy release from the mature forage. The greater apparent utilization of biuret is in agreement with Tollett et al. (1969) and Raleigh and Turner (1968) but in contrast to results of Clanton (1970) , Turner and Raleigh (1969) and Turner et al. (1970) .
Feed grade biuret was not different (P>.05) than biuret in any trait measured (P>.50 for cow winter weight loss). Apparently the combination of NPN sources in feed grade biuret (including 15% urea) was without affect.
The addition of 40% dehydrated alfalfa to the urea supplement was beneficial in terms of cow weight loss (P~.01), in agreement with Karr et al. (1965) , Nelson et al. (1957) and Clanton (1970) . Palatability also appeared to be improved slightly (6.2 vs 10.8% refusal). The biuret supplement was not benefited by 40% alfalfa in terms of cow weight loss (P~.49); weight loss on biuret and urea supplements with 40% alfalfa was comparable.
The NPN supplements did not affect calf daily gain while on treatment (P~.58) or adjusted weaning weight (P~.77).
Biuret Adaptation
Trial. The biuretolytic activity observed in the rumen fluid of steers supplemented with the positive control, biuret and biuret + alfalfa (40%) is shown in figure 1. No appreciable activity was apparent on days 0 or 4. By day 6 biuretolytic activity of biuret supplemented steers was greater (P<,05) than that of natural protein steers. Adaptation was not lost when biuret supplements were not fed for nine continuous days after day 7; rumen samples were taken on day 17, 1 day after supplemental feeding was reinitiated. Biuretolyric activity increased to 88% on day 49 although the steers were only supplemented 4 of the preceding 14 days. The biuret steers continued well adapted on days 56 and 74 of the trial.
Steers supplemented with natural protein did not develop appreciable biuretolytic activity and degraded less biuret (P<.01) than biuret fed steers from day 20 to the end of the trial. Biuretolytic activity of steers fed the two biuret supplements was not different (P>.10) for any of the sampling days. This agrees with results of Gilchrist et al. (1968) and Johnson and Clemens (1973) .
The rate of development of biuretolytic activity was faster than reported previously , or indicated by nitrogen balance (Hatfield et al., 1959; Oltjen et al., 1969; Tomlin et aL 1967) . However, Clemens and Johnson (1973) and Wyatt (1973) recently found marked biuretolytic activity in 3 to 4 days in lambs fed high roughage diets. The low protein (3% CP) of the major portion of the steers' diet (dry range grass) in this trial may have facilitated the short adaptation period (Schroder and Gilchrist, 1969) . Clemens and Johnson (1973) , Johnson and Clemens (1973) and Schroder and Gilchrist (1969) found a rapid loss (4 days) of biuretolyric activity when biuret was removed from the diet. Biuretolytic activity was not lost on day 17 of this trial even though supplemental biuret was not fed 9 of the previous 10 days. Biuret was fed 24 hr prior to sampling, a rather short time for development of biuretolytic activity if it were lost the previous 9 days, The high biuretolytic activity (88%) on day 49 also was unexpected due to the previous intermittent and irregular feeding pattern.
These data indicate that either complete biuretolytic activity was not lost during the intermittent feeding period or the rumen microflora were able to readapt to biuret at a faster rate than reported by Schroder and Gilchrist (1969) . Perhaps previously adapted animals "readapt" faster than animals never previously . These provide support for the apparent of some biuret by cows in trials 1
Results of trial 3 are shown in table 6. Weight gain of heifers appeared to be only slightly affected (P~.18) by nitrogen source when moderate quality hay was fed; calves that received the all natural protein supplement had the highest gain. There was a difference (P~.01) in treatments when harvested winter range grass was fed during the second phase of the experiment. Heifers consuming the natural 30% protein supplement lost less weight (P~.05) than the heifers receiving the urea containing supplements.
A treatment • phase interaction was not detected (P>.10) so the two phases were pooled for statistical analysis; heifers fed the 30% natural supplement gained more (P<.01) than the heifers fed either urea supplement. Gains of heifers fed the two urea supplements were not different (P>,40) . Heifers fed the natural protein supplement maintained their condition during the trial while the two urea groups lost in condition (P~-.32). Hay intake was not affected by supplement (P>.50) during either phase of the trial.
The extruding of grain with urea apparently failed to increase nitrogen utilization from urea as indicated by body weight and condition, in agreement with Clanton (1970) but in contrast with results of ), Helmer et al. (1970 and Owen and Applemen (1970) .
